(19) 



J 




(12) 



(43) Date of publication: 

2a06.2000 Bulletin 2000/26 

(21) Application number: 99125800.5 

(22) Date of filing: 23.12.1999 



Europaisches Patentamt 
European Patent Office 
Office europe ndes brevets (11) EP 1 014 471 A1 

EUROPEAN PATENT APPLICATION 

(51) int. CI. 7 : H01P 5/107 



(84) Designated Contracting States: 


• Sakakibara, Kunio, 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


c/o K.K. Toyota Chuo Kenkyusho 


MC NL PT SE 


Aichi-gun, Aichi-ken, 480-1192 (JP) 


Designated Extension States: 


• Nishlkawa, Kunjtoshi, 


AL LT LV MK RO SI 


K.K. Toyota Chuo Kenkyusho 




Aichi-gun, Aichi-ken, 480-1192 (JP) 


(30) Priority: 24.12.1998 J P 36625598 


• Sato, Kazuo, 


14.10.1999 JP 29182399 


c/o K.K. Toyota Chuo Kenkyusho 




Aichi-gun, Aichi-ken, 480-1192 (JP) 


(71) Applicant: 


• Watanabe, Toshiaki, 


Kabushiki Kaisha Toyota Chuo Kenkyusho 


c/o K.K. Toyota Chuo Kenkyusho 


Aichi-gun, Aichi-ken, 480-1192 (JP) 


Aichi-gun, Aichi-ken, 480-1 1 92 (JP) 


(72) Inventors: 


(74) Representative: 


• lizuka, Hideo, 


Blumbach, Kramer & Partner GbR 


c/o K.K. Toyota Chuo Kenkyusho 


Radeckestrasse 43 


Aichi-gun, Aichi-ken, 480-1192 (JP) 


81245 Munchen (DE) 



< 



(54) Waveguide-transmission line transition 

(57) In a waveguide-transmission line transition, a 
short-circuiting metal layer (1) is formed on one surface 
of a dielectric substrate (7), and the short-circuiting 
metal layer (1) has a slit in which a strip line (3) is dis- 
posed. The short-circuiting metal layer (1) and the strip 
line (3) are disposed on the same plane with a predeter- 
mined gap formed therebetween. A grounding metal 
layer (5) having a shape substantially congruent with 
the cross-sectional shape of the opening surface of the 
waveguide (2) is formed on the other surface of the die- 
lectric substrate (4). The short-circuiting metal layer (1), 
the grounding metal layer (5), and the waveguide (2) are 
maintained at the same potential by metal embedded in 
through-holes provided along the circumferential edge 
of the dielectric substrate. Further, a matching element 

(6) is disposed on the surface of the dielectric substrate 

(7) on which the grounding metal layer (5) is formed. 
This structure enables formation of substantially the 
entirety of the transition, except the waveguide, on the 
same substrate on which a microwave or millimeter- 
wave circuit or a planar antenna are formed. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a 
waveguide-transmission line transition for converting 
electrical power in a microwave or millimeter-wave 
band. 

Description of the Related Art 

[0002] Japanese Patent Application Laid-Open 
(kokai) No. 10-126114 (Feeder Transition) discloses a 
known type of waveguide-transmission line transition 
capable of effecting mutual conversion between power 
transmitted through a waveguide and power transmitted 
through a strip line. 

[0003] FIG. 22 is a perspective view of a 
waveguide-transmission line transition 300 according to 
a prior art technique; FIG. 23A and 23C are cross-sec- 
tional views of the transition 300; and FIG. 23B is a plan 
view of the transition 300. 

[0004] A strip line 3 is provided on one surface of a 
dielectric substrate 4, and a grounding metal layer 
5— which is to be connected to an opening surface of a 
waveguide 2— \s provided on the other surface of the 
dielectric substrate 4. The dielectric substrate 4 is fix- 
edly sandwiched between a short-circuiting waveguide 
block 9 and the waveguide 2. Since a high efficiency of 
the transition is obtained when the strip line 3 is dis- 
posed at a position within the waveguide 2 at which a 
strong electric field is present, the distance between the 
short-circuiting surface of the short-circuiting waveguide 
block 9 and the strip line 3 is set to about 1/4 of the 
wavelength X in the waveguide. 
[0005] When the conventional transition 300 is used 
to connect the waveguide 2 to a microwave or millime- 
ter-wave circuit, the short-circuiting waveguide block 9 
vertically projects from a substrate on which microwave 
or millimeter-wave circuit is formed, because the strip 
line 3 is located on the same plane as that of the sub- 
strate of the microwave or millimeter-wave circuit. Espe- 
cially, when such a transition is used for conversion in a 
microwave band, the height of the projection (A/4) of the 
short-circuiting waveguide block 9 sometimes exceeds 
2 cm, which hinders miniaturization of the microwave 
circuit. 

[0006] Meanwhile, when the conventional transition 
is used for conversion in a millimeter wave band, the 
matching characteristics of the transition 300 deterio- 
rate when a slight positional shift is produced among the 
waveguide 2, the short-circuiting waveguide block 9, 
and the strip line 3. Therefore, in order to obtain a high 
efficiency of the transition, the waveguide 2, the short- 
circuiting waveguide block 9. and the strip line 3 must be 
fixed with positional accuracy as high as about 1/100 



mm. 

[0007] However, the above-described conventional 
structure makes it difficult to fix the short-circuiting 
waveguide block 9 and the waveguide 2, among other 
5 components, with such high accuracy, and therefore 
has been a main cause of hindering mass production of 
waveguide-transmission line transitions. 

SUMMARY OF THE INVENTION 

10 

[0008] The present invention was accomplished in 
order to solve the above-described problems, and an 
object of the present invention is to provide a 
waveguide-transmission line transition which has a high 
15 efficiency of the transition and a reduced size, and 
which can easily be produced on a large scale. 
[0009] Another object of the present invention is to 
provide a waveguide-transmission line transition having 
a structure which prevents variation (deterioration) of 

20 properties such as a resonant frequency, which would 
otherwise occur due to variation in waveguide width 
among mass-produced waveguides. 
[0010] According to a first aspect of the present 
invention, there is provided a waveguide-transmission 

25 line transition which includes a strip line projecting 
inward on an opening surface of a waveguide to be par- 
allel to the opening surface and which effects mutual 
conversion between power transmitted through the 
waveguide and power transmitted through the strip line, 

30 comprising a plate-shaped short-circuiting member 
shielding the opening surface of the waveguide and 
having a slit in which the strip line is disposed; a match- 
ing element disposed within the waveguide, the match- 
ing element being substantially parallel to and 

35 separated by a predetermined distance from the short- 
circuiting member; and a dielectric member disposed 
between the short-circuiting member and the matching 
element, wherein the strip line disposed in the slit and 
the matching element are disposed in proximity to each 

40 other to be electromagnetically coupled. 

[001 1 ] According to a second aspect of the present 
invention, as is concretely shown in a first embodiment, 
the short-circuiting member is a short-circuiting plate 
having a slit in which the strip line is disposed; and the 

45 dielectric member comprises at least a first dielectric 
substrate which is inserted into the slit and which has 
the strip line disposed on its outer surface. 
[0012] According to a third aspect of the present 
invention, the transition according to the second aspect 

so is further characterized in that the dielectric member 
comprises a second dielectric substrate which is joined 
to reverse surfaces of the short-circuiting plate and the 
first dielectric substrate and on which the matching ele- 
ment is formed. 

55 [0013] According to a fourth aspect of the present 
invention, as is concretely shown in a second embodi- 
ment, the dielectric member is formed of a first dielectric 
substrate shielding the opening surface of the 
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waveguide and a second dielectric substrate which is 
joined to a reverse surface of the first dielectric sub- 
strate and on which the matching element is formed; 
and the short-circuiting member is formed of a short- 
circuiting metal layer formed on an outer surface of the 
first dielectric substrate and having a slit, wherein the 
strip line is disposed in the slit of the short-circuiting 
metal layer. 

[0014] According to a fifth aspect of the present 
invention, as is concretely shown in a third embodiment, 
the dielectric member is formed of a dielectric substrate 
which shields the opening surface of the waveguide and 
which has the matching element on its reverse surface; 
and the short-circuiting member is formed of a short- 
circuiting metal layer formed on an outer surface of the 
dielectric substrate and having a slit, wherein the strip 
line is disposed in the slit of the short-circuiting metal 
layer. 

[0015] According to a sixth aspect of the present 
invention, the dielectric substrate or the first dielectric 
substrate has on its reverse surface, opposite the sur- 
face where the strip line is formed, a grounding metal 
layer which comes into contact with an end face of a 
side wall at the opening surface of the waveguide. 
[001 6] According to a seventh aspect of the present 
invention, the short-circuiting metal layer and the 
grounding metal layer are electrically connected with 
each other by means of through-holes. 
[001 7] According to an eighth aspect of the present 
invention, the strip line is disposed in each of a plurality 
of slits formed in the short-circuiting member. 
[0018] According to a ninth aspect of the present 
invention, the grounding metal layer is formed and dis- 
posed such that a region surrounded by an inner cir- 
cumference of the grounding metal layer on the reverse 
surface of the second dielectric substrate or the dielec- 
tric substrate is completely included in a region sur- 
rounded by an inner wall of the waveguide. 
[0019] According to a tenth aspect of the present 
invention, the center of the matching element is offset 
from the center of the waveguide by a predetermined 
distance A along the longitudinal direction of the strip 
line toward the direction of projection of the strip line. 
[0020] According to an eleventh aspect of the 
present invention, the predetermined distance A falls 
within a range of about 1 to 4% the narrower wall-to-wall 
distance P of the waveguide. 

[0021] According to a twelfth aspect of the present 
invention, at least two through-holes are disposed on 
opposite sides of an entrance of the slit; and the dis- 
tance between the through-holes is less than double the 
width of the strip line. 

[0022] According to a thirteenth aspect of the 
present invention, impedance adjustment is performed 
through adjustment of a length over which the strip line 
overlaps with the matching element. 
[0023] According to a fourteenth aspect of the 
present invention, resonant frequency adjustment is 



performed through adjustment of the length of the 
matching element along a direction parallel to the strip 
line. 

[0024] According to a fifteenth aspect of the present 
5 invention, the distance between the strip line and the 
matching element falls within a range of 0.01 to 0.20 Xg, 
where Xg is a wavelength within the dielectric member 
existing between the strip line and the matching ele- 
ment. 

10 [0025] According to a sixteenth aspect of the 
present invention, the distance between the strip line 
and the short-circuiting metal plate or layer falls within a 
range of 0.03 to 0.06 Xg, where Xg is a wavelength 
within a medium existing between the strip line and the 
is short-circuiting metal plate or layer. 

[0026] According to a seventeenth aspect of the 
present invention, the dielectric member on which the 
strip line is provided is formed integrally with a circuit 
substrate on which a microwave or millimeter-wave cir- 
20 cuit is formed. 

[0027] According to an eighteenth aspect of the 
present invention, the first dielectric substrate and the 
second dielectric substrate are formed integrally. 
[0028] According to a nineteenth aspect of the 
25 present invention, a second grounding metal layer is 
formed at a peripheral portion of the second dielectric 
substrate such that the second grounding metal layer is 
in contact with the side wall of the waveguide. 
[0029] The second grounding metal layer may be 
30 formed of the same metal layer as that of the above- 
described first grounding metal layer. Therefore, a metal 
layer which concurrently meets the requirements of the 
first and second metal layers may sometimes be 
referred to as a "grounding metal layer" without distin- 
35 guishing them. 

[0030] The above-described waveguide-transmis- 
sion line transition can solve the problems involved in 
conventional waveguide-transmission line transitions. 
[0031 ] In the waveguide-transmission line transition 
40 according to the present invention, the strip line dis- 
posed in the slit of the short-circuiting metal plate or 
layer is disposed in close proximity to the matching ele- 
ment to establish electromagnetic coupling therewith, 
so that power conversion is effected by the electromag- 
45 netic coupling between the strip line and the matching 
element. Accordingly, a short-circuiting waveguide block 
9 — which has been indispensable in the conventional 
waveguide-transmission line transition — can be omit- 
ted. Therefore, there can be eliminated the above- 
so described projection which projects about A/4 from the 
substrate surface of a microwave or millimeter-wave cir- 
cuit, to thereby enable flattening of (rendering compact) 
the waveguide-transmission line transition. 
[0032] Further, since the short-circuiting waveguide 
55 block 9 is eliminated, an operation for precise relative 
positioning between the short-circuiting waveguide 
block 9 and the waveguide 2, accompanied by A/4 
restriction, becomes unnecessary, so that production of 
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the waveguide-transmission line transition is facilitated. 
[0033] Moreover, in the waveguide-transmission 
line transition according to the present invention, imped- 
ance matching is effected through adjustment of the 
length of insertion of the strip line into the waveguide. 5 
Further, a frequency band in which transmission and 
conversion are performed can be determined through 
adjustment of the size of the matching element and the 
distance between the strip line and the matching ele- 
ment, w 
[0034] When the width of the matching element as 
measured along the longitudinal direction of the cross 
section of the waveguide is large, the frequency band 
becomes broader. In addition, the width of the matching 
element as measured along a direction perpendicular to 15 
the longitudinal direction determines the cut-off fre- 
quency. Further, the width of the frequency band 
changes with the distance between the matching ele- 
ment and the strip line (the thickness of a dielectric sub- 
strate interposed therebetween). 20 
[0035] Accordingly, through proper adjustment of 
these parameters, there can be obtained a waveguide- 
transmission line transition whose loss at a desired fre- 
quency is reduced. 

[0036] Since the grounding metal layer is provided, 25 
the dielectric substrate on which the strip line is pro- 
vided can be easily and reliably fixed to the waveguide. 
Therefore, a waveguide-transmission line transition of 
reduced power loss can be obtained. 
[0037] When a conductive material such as metal is 30 
embedded in through-holes formed in the dielectric sub- 
strate, it becomes possible to reliably maintain the 
short-circuiting metal layer and the waveguide at the 
same potential. Therefore, a waveguide-transmission 
line transition of reduced power loss can be obtained. 35 
[0038] Since the inner dimension of the grounding 
metal layer is made smaller than the inner dimension of 
the waveguide, the distance between the matching ele- 
ment and the conductor (grounding metal layer) formed 
on the same surface can be maintained constant even 40 
when the width of the waveguide varies during mass 
production. Accordingly, electromagnetic fields pro- 
duced between the matching element and the ground- 
ing metal layer hardly change, so that variation in 
resonant frequency can be suppressed. 45 
[0039] That is, the accuracy of the waveguide width 
of a waveguide produced through metal working is a few 
tens of microns to a few hundreds of microns. By con- 
trast, the accuracy of the strip line formed on the dielec- 
tric substrate can be decreased to ten microns or less, so 
Therefore, according to the present invention, deteriora- 
tion in characteristics due to production errors can be 
reduced, as compared with the structure in which the 
resonant frequency changes depending on the width of 
the waveguide. 55 
[0040] In the present invention, the positional rela- 
tionship between the waveguide and the dielectric sub- 
strate is not determined such that the centers of the 
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waveguide and the dielectric substrate coincide with 
each other, but is determined such that the dielectric 
substrate is located in the vicinity of the center of a 
region in which the conversion loss is small. Therefore, 
the conversion loss does not increase very much even 
when a positional shift is produced therebetween. 
[0041] In the present invention, since the distance 
between two through-holes sandwiching a planar trans- 
mission line is sufficiently small, the ratio of power which 
leaks from the gap between the two through-holes (from 
an area in the vicinity of the entrance of the slit of the 
short-circuiting metal layer) and constitutes power loss 
to the total power transmitted from the transmission line 
to the waveguide can be reduced. 
[0042] In the present invention, the distance 
between the short-circuiting metal layer and the match- 
ing element can be increased through provision of the 
first and second dielectric substrates therebetween. 
Thus, a frequency band in which power transmission 
and conversion are performed can be broadened. 
[0043] In the present invention, the second ground- 
ing metal layer — which is provided on the surface of the 
second dielectric substrate on which the matching ele- 
ment is formed —enables to broaden a frequency band 
in which power transmission and conversion are per- 
formed and to prevent variation (deterioration) of prop- 
erties of a resonant frequency even when variation 
occurs in waveguide width among waveguides. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] 

FIG. 1 is a perspective view of a waveguide-trans- 
mission line transition 100 of a first embodiment; 
FIGS. 2A, 2C, and 2D are cross-sectional views of 
the transition 100 of the first embodiment, and FIG. 
2B is a plan view of the transition of the first embod- 
iment; 

FIG. 3 is a perspective view of a waveguide-trans- 
mission line transition 110 of a second embodi- 
ment; 

FIGS. 4A, 4C, and 4D are cross-sectional views of 
the transition 110 of the second embodiment, and 
FIG. 4B is a plan view of the transition 1 10 of the 
second embodiment; 

FIG. 5 is a perspective view of a waveguide-trans- 
mission line transition 120 of a third embodiment; 
FIGS. 6A and 6C are cross-sectional views of the 
transition 120 of the third embodiment, and FIG. 6B 
is a plan view of the transition 120 of the third 
embodiment; 

FIG. 7 is a perspective view of a waveguide-trans- 
mission line transition 140 of a fourth embodiment; 
FIGS. 8A, 8C, and 8D are cross-sectional views of 
the transition 140 of the fourth embodiment, and 
FIG. 8B is a plan view of the transition 140 of the 
fourth embodiment; 
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FIG. 9 is a characteristic chart obtained through 
determination of the relationship between normal- 
ized strip-line insertion length and voltage standing 
wave ratio of the waveguide-transmission line tran- 
sition 100 of the first embodiment; 
FIG. 10 is a characteristic chart obtained through 
determination of the relationship between normal- 
ized matching-element length and normalized reso- 
nant frequency of the waveguide-transmission line 
transition 100 of the first embodiment; 
FIG. 1 1 is a characteristic chart obtained through 
determination of the relationship among normalized 
frequency, reflection, and transmission of the 
waveguide-transmission line transition 100 of the 
first embodiment; 

FIG. 12 is a characteristic chart obtained through 
determination of the relationship between the 
reflection and the normalized distance between the 
end of the short-circuiting metal layer and the end 
of the through-hole of the waveguide-transmission 
line transition 1 10 of the second embodiment; 
FIG. 13 is a perspective view of a waveguide-trans- 
mission line transition 200 of a fifth embodiment; 
FIGS. 14A, and 14C are cross-sectional views of 
the transition 200 of the fifth embodiment, and FIG. 
14B is a plan view of the transition 200 of the fifth 
embodiment; 

FIG. 15 is a characteristic chart obtained through 
determination of the relationship between 
waveguide width and resonant frequency of the 
transition 200 of the fifth embodiment; 
FIG. 16 is a characteristic chart obtained through 
determination of the relationship between power 
loss and distance between two through-holes sand- 
wiching the strip line of the transition 200 of the fifth 
embodiment; 

FIG. 1 7 is a perspective view of a waveguide-trans- 
mission line transition 210 of a sixth embodiment; 
FIGS. 18A and 18C are cross-sectional views of the 
transition 210 of the sixth embodiment, and FIG. 
18B is a plan view of the transition 210 of the sixth 
embodiment; 

FIG. 19 is a characteristic chart obtained through 
determination of the relationship between shift 
amount of the waveguide and increase in transmis- 
sion loss of the transition 210 of the sixth embodi- 
ment; 

FIG. 20 is a perspective view of a waveguide-trans- 
mission line transition 220 of a seventh embodi- 
ment; 

FIGS. 21 A, 21 C, and 21 D are cross-sectional views 
of the transition 220 of the seventh embodiment, 
and FIG. 21 B is a plan view of the transition 220 of 
the seventh embodiment; 

FIG. 22 is a perspective view of a waveguide-trans- 
mission line transition 300 according to a prior art 
technique; and 

FIG. 23A and 23C are cross-sectional views of the 



conventional transition 300, and FIG. 23B is a plan 
view of the conventional transition 300. 

DESCRIPTION OF THE PREFERRED EMBOPI- 
5 ME NTS 

[0045] Embodiments of the present invention will 
now be described with reference to the drawings. 

10 First embodiment: 

[0046] FIG. 1 is a perspective view of a waveguide- 
transmission line transition 100 of a first embodiment; 
FIGS. 2A, 2C, and 2D are cross-sectional views of the 
15 transition 100; and FIG. 2B is a plan view of the transi- 
tion 100. 

[0047] A strip line 3 is provided on one surface of a 
dielectric substrate (first dielectric substrate) 4, and a 
grounding metal layer 5 is provided on the other surface 

20 of the dielectric substrate 4. The ground metal layer 5 
has a rectangular shape whose width is substantially 
the same as the thickness of the side wall of a 
waveguide 2. These conductors (the strip line 3 and the 
grounding metal layer 5) are formed by photo etching or 

25 any other suitable method. 

[0048] A slit whose shape is substantially congruent 
with the planar shape (rectangular shape) of the dielec- 
tric substrate 4 is formed in a short-circuiting plate 1 . 
The dielectric substrate 4 is fitted into the slit of the 

30 short-circuiting plate 1 , and the grounding metal layer 5 
is brought into close contact with and fixed to the open- 
ing surface of the waveguide 2 through welding, solder- 
ing, or any other suitable method. Thus, the transition 
100 is fixed to the opening surface of the waveguide 2. 

35 [0049] A dielectric substrate (second dielectric sub- 
strate) 7 is disposed within the opening surface of the 
waveguide 2. The dielectric substrate 7 is brought into 
close contact with and fixed to the dielectric substrate 4 
and the short-circuiting plate 1 . 

40 [0050] A metal layer of a substantially square shape 
is formed, through photo etching, at the center of a sur- 
face of the dielectric substrate 7 opposite the strip line 3. 
The metal layer will be referred to as a "matching ele- 
ment 6," because of its function. Since the matching 

45 element 6 is disposed in proximity with the strip line 3, 
electromagnetic coupling is established between the 
matching element 6 and the strip line 3. 
[0051] The above-described structure eliminates 
the projection of the conventional waveguide-transmis- 

so sion line transition 300, which projects about X/4 from 
the substrate surface of a microwave or millimeter- wave 
circuit, to thereby enable flattening of (rendering com- 
pact) the waveguide-transmission line transition. Fur- 
ther, the operation for precise relative positioning 

55 between the short-circuiting waveguide block 9 and the 
waveguide 2, accompanied by V4 restriction, becomes 
unnecessary, so that production of the waveguide- 
transmission line transition is facilitated. 
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[0052] Moreover, in the structure of the waveguide- 
transmission line transition 1 00 according to the present 
embodiment, impedance matching is effected through 
adjustment of the length of insertion of the strip line into 
the waveguide. Further, a frequency band in which 
transmission and conversion are performed can be 
determined through adjustment of the area of the 
matching element. Therefore, it becomes possible to 
realize a waveguide-transmission line transition which 
produces a reduced loss at a desired operation fre- 
quency. 

[0053] FIG. 9 shows the relationship between the 
input-side voltage standing wave ratio and the length of 
insertion p of the strip line 3 into the waveguide 2. As 
shown in FIG. 2A, the strip-line insertion length p is a 
length over which the strip line 3 overlaps with the 
matching element 6 in a direction parallel to a shorter 
side of the waveguide 2. The horizontal axis represents 
a normalized value p/L (hereinafter referred to as a "nor- 
malized strip-line insertion length"), which is obtained 
through division of the strip-line insertion length p by the 
matching element length L as measured along a direc- 
tion parallel to the shorter side of the waveguide 2. 
[0054] When the strip line length p is set to satisfy 
the relationship 0.1 1 L £ p <. 0.28L or 0.45L <£ p 0.73L, 
the input-side voltage standing wave ratio can be 
reduced to 1 .5 or less. As described above, the input- 
side voltage standing wave ratio can be adjusted 
through adjustment of the strip line length p. That is, 
impedance matching can be realized on the input and 
output sides of the transition. 

[0055] FIG. 10 shows the relationship between 
matching-element length L and resonant frequency f. 
The horizontal axis represents a normalized value ULq 
(hereinafter referred to as a "normalized matching-ele- 
ment length"), which is obtained through division of the 
matching-element length L by a predetermined match- 
ing-element length Lq. The vertical axis represents a 
normalized value f/f 0 (hereinafter referred to as a "nor- 
malized resonant frequency"), which is obtained 
through division of the resonant frequency f by a prede- 
termined resonant frequency f 0 - It is to be noted that 
when the matching-element length is Lo, the resonant 
frequency becomes f 0 . 

[0056] Since the resonant frequency f decreases as 
the matching-element length L increases, it is under- 
stood that the resonant frequency f can be controlled 
through adjustment of the matching-element length L. 
[0057] In the structure of the waveguide-transmis- 
sion line transition 100 of the present embodiment, 
power loss can be reduced when the distance d 
between the strip line 3 and the matching element 6 as 
measured along the axis of the waveguide 2 (the total 
thickness of the dielectric substrates 4 and 7 shown in 
FIG. 2A) is set to satisfy the relationship 0.01 kg £ d £ 
0.20Ag, where Xq represents a transmission wavelength 
within the dielectric substrate. 

[0058] Also, such a low power-loss characteristic 



can be realized when the dielectric constants of the die- 
lectric substrates 4 and 7 are set to fall within a range of 
1 to 10. 

[0059] Further, such a low power-loss characteristic 

5 can be realized when the distance between the short- 
circuiting plate 1 and the strip line 3 is set to fall within a 
range of 0.03Xg to 0.06Xg, in which electromagnetic 
fields around the strip line 3 do not become disordered 
and leakage of power from the gap between the short- 

io circuiting plate 1 and the strip line 3 is suppressed. 
[0060] FIG. 11 shows frequency characteristics of 
reflection and transmission of the waveguide-transmis- 
sion line transition 100. FIG. 11 demonstrates that the 
transition 100 has a low power-loss characteristic such 

15 that the reflection is -40 dB or less and the transmission 
loss is 0.3 dB or less as measured at a predetermined 
operation frequency f 0 . It is to be noted that FIG. 11 
shows characteristics measured under the following 
conditions: strip-line insertion length p = 0.18L; match- 

20 ing-element length L - 0.5Ag; distance d between the 
strip line 3 and the matching element 6 = O.OSXg; dielec- 
tric constants of the dielectric substrates 4 and 7 = 2.2; 
and the distance between the short-circuiting plate 1 
and the strip line 3 = 0 04 Ag. 

25 [0061] In the present embodiment, as shown in 
FIGS. 1 and 2, the dielectric substrate 4 has a shape 
which is substantially congruent with the shape of the 
slit of the short-circuiting plate 1 . However, the dielectric 
substrate 4 may be formed integrally with the dielectric 

30 substrate 7, a microwave or millimeter-wave circuit. 
[0062] When the dielectric substrate 4 is formed 
integrally with the dielectric substrate 7 or a microwave 
or millimeter-wave circuit, the size and cost of the 
waveguide-transmission line transition 100 can be 

35 reduced, and mass production becomes possible, with- 
out causing deterioration of power-conversion effi- 
ciency. 

Second embodiment: 

40 

[0063] FIG. 3 is a perspective view of a waveguide- 
transmission line transition 110 of a second embodi- 
ment; FIGS. 4A, 4C, and 4D are cross-sectional views 
of the transition 110; and FIG. 4B is a plan view of the 

45 transition 110. 

[0064] The positional relationships among the 
waveguide 2, the strip line 3, the matching element 6, 
and the dielectric substrate (second dielectric substrate) 
7 of the waveguide-transmission line transition 110 are 

so the same as those of the waveguide-transmission line 
transition 100 of the first embodiment. Accordingly, the 
transition 1 10 of the present embodiment has the same 
conversion function as does the transition 100 of the 
first embodiment. 

55 [0065] However, the transition 110 of the present 
embodiment greatly differs from the transition 1 00 of the 
first embodiment in that a waveguide short-circuiting 
surface — which in the transition 100 is formed by means 
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of the short-circuiting plate 1— is formed by means of a 
short-circuiting metal layer 1 1 formed on the dielectric 
substrate. 

[0066] Specifically, the short-circuiting metal layer 
1 1 is formed on one surface of the dielectric substrate 5 
(first dielectric substrate) 4 of the transition 1 1 0 (FIGS. 3 
and 4). The short-circuiting metal layer 1 1 has a slit, in 
which the strip line 3 is disposed, so that the short- 
circuiting metal layer 1 1 and the strip line 3 are disposed 
on the same plane with a predetermined gap formed 10 
therebetween. 

[0067] The grounding metal layer 5 is formed on the 
other surface of the dielectric substrate 4 to have a 
shape which is substantially congruent with the cross- 
sectional shape of the opening surface of the is 
waveguide 2. The short-circuiting metal layer 11, the 
grounding metal layer 5, and the waveguide 2 are main- 
tained at the same potential via metal embedded in 
through-holes 8 provided along the circumferential edge 
of the dielectric substrate 4. 20 
[0068] As in the case of the transition 100, the 
machining element 6 is provided on one surface of the 
dielectric substrate 7, and the other surface of the die- 
lectric substrate 7 is bonded to the dielectric substrate 
4. 25 
[0069] As shown in FIG. 3. the positions of two 
through-holes 8a and 8b located on opposite sides of 
the strip line 3 affect impedance matching. FIG. 12 
shows the relationship between the input-side reflection 
and the position g of the two through-holes 8a and 8b 30 
located on opposite sides of the strip line 3. As shown in 
FIG. 3, the position g is defined to be a gap g between 
an end of the short-circuiting metal layer 1 1 and the end 
of the corresponding through-hole 8a or 8b as meas- 
ured along a direction parallel to a longer side of the 35 
waveguide 2. 

[0070] When the gap g is set to fall within a range of 
0.01^g to 0.12Ag, the reflection can be decreased to -20 
dB or less. 

[0071] Like the transition 100 of the first embodi- 40 
ment, the transition 110 of the present embodiment has 
characteristics as shown in FIGS. 9, 10, and 1 1 . That is, 
as in the case of the transition 100 of the first embodi- 
ment, the input-side voltage standing wave ratio can be 
controlled through adjustment of the strip line length p. 45 
Therefore, impedance matching can be realized on the 
input and output sides of the transition. 
[0072] In addition, the resonant frequency f can be 
controlled through adjustment of the matching-element 
length L. Further, a low power-loss characteristic can be so 
realized when the distance d between the strip line 3 
and the matching element 6 as measured along the axis 
of the waveguide 2 (the total thickness of the dielectric 
substrates 4 and 7 shown in FIG. 4A) is set to satisfy the 
relationship 0.01 Xg £ d £ 0.20Xg. Also, such a low 55 
power-loss characteristic can be realized when the die- 
lectric constants of the dielectric substrates 4 and 7 are 
set to fall within a range of 1 to 10. Further, such a low 
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power-loss characteristic can be realized when the dis- 
tance between the short-circuiting plate 1 and the strip 
line 3 is set to fall within a range of 0.03Xg to 0.06Xg. 
[0073] Since the dielectric substrate 4 can be 
extended toward the outside of the waveguide 2, a 
microwave or millimeter-wave circuit or a planar 
antenna can be formed on the extended portion. That is, 
when the structure of the waveguide-transmission line 
transition 1 10 is employed, a portion (the dielectric sub- 
strate 4, the strip line 3, the short-circuiting metal layer 
11, grounding metal layer 5, etc.) of the transition 110 
can be formed in the same photo etching step in which 
the microwave or millimeter-wave circuit or the planar 
antenna are formed. Therefore, when a circuit in which 
a microwave or millimeter-wave circuit or a planar 
antenna are combined with the waveguide-transmission 
line transition is to be formed, the production steps can 
be reduced in number and simplified in order to reduce 
production cost. 

Third embodiment: 

[0074] FIG. 5 is a perspective view of a waveguide- 
transmission line transition 120 of a third embodiment; 
FIGS. 6A and 6C are cross-sectional views of the tran- 
sition 120; and FIG. 6B is a plan view of the transition 
120. 

[0075] The transition 120 of the present embodi- 
ment is identical with the transition 1 10 of the second 
embodiment, except that the dielectric substrate 7 is 
removed and the matching element 6 is formed on the 
same surface of the dielectric substrate 4 on which the 
grounding metal layer 5 is formed. 
[0076] Specifically, the short-circuiting metal layer 
1 1 is formed on one surface of the dielectric substrate 4 
of the transition 120. The short-circuiting metal layer 1 1 
has a slit, in which the strip line 3 is disposed, so that 
the short-circuiting metal layer 1 1 and the strip line 3 are 
disposed on the same plane with a predetermined gap 
formed therebetween. 

[0077] The grounding metal layer 5 is formed on the 
other surface of the dielectric substrate 4 to have a 
shape which is substantially congruent with the cross- 
sectional shape of the opening surface of the 
waveguide 2. The short-circuiting metal layer 11, the 
grounding metal layer 5, and the waveguide 2 are main- 
tained at the same potential via metal embedded in 
through-holes 8 provided along the circumferential edge 
of the dielectric substrate 4. 

[0078] Further, the matching element 6 is formed 
on the same surface of the dielectric substrate 4 on 
which the grounding metal layer 5 is formed. 
[0079] In the waveguide-transmission line transition 
120 having the above-described structure, substantially 
the entirety of the transition 120, except the waveguide 
2, can be formed on the same substrate (dielectric sub- 
strate 4) on which a microwave or millimeter-wave cir- 
cuit or a planar antenna are formed, and in the same 
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photo etching step in which the microwave or millimeter- 
wave circuit or the planar antenna are formed. 
[0080] Further, when the structure of the transition 
120 is employed, positional error which would be pro- 
duced during formation of the matching element 6 does 5 
not have to be taken into consideration, so that mass 
production is greatly facilitated. 
[0081] Therefore, when a circuit in which a micro- 
wave or millimeter-wave circuit or a planar antenna are 
combin d with the waveguide-transmission line transi- w 
Won is to be formed, the production steps can be 
reduced in number and further simplified as compared 
to the waveguide-transmission line transition 1 10 of the 
second embodiment, so that production cost can be fur- 
ther reduced. 15 
[0082] Like the transitions of the first and second 
embodiments, the transition 120 of the present embodi- 
ment has characteristics as shown in FIGS. 9, 10, and 
11. That is, as in the case of the transitions of the first 
and second embodiments, the input-side voltage stand- 20 
ing wave ratio can be controlled through adjustment of 
the strip line length p. Therefore, impedance matching 
can be realized on the input and output sides of the tran- 
sition. 

[0083] In addition, the resonant frequency f can be 25 
controlled through adjustment of the matching-element 
length L. Further, a low power-loss characteristic can be 
realized when the distance d between the strip line 3 
and the matching element 6 as measured along the axis 
of the waveguide 2 (the thickness of the dielectric sub- 30 
strate 4 shown in FIG. 6A) is set to satisfy the relation- 
ship 0.01Ag £ d £ 0.20Xg. Also, such a low power-loss 
characteristic can be realized when the dielectric con- 
stant of the dielectric substrate 4 is set to fall within a 
range of 1 to 1 0. Further, such a low power-loss charac- 35 
teristic can be realized when the distance between the 
short-circuiting metal layer 1 1 and the strip line 3 is set 
to fall within a range of 0.03^g to 0.06Xg. 
[0084] Further, like the transition of the second 
embodiment, the transition 120 of the present embodi- 40 
ment has characteristics as shown in FIG. 12. That is, 
when the gap g between an end of the short-circuiting 
metal layer 11 and the end of the corresponding 
through-hole 8a or 8b is set to fall within a range of 
O.OUg to 0.12Xg, the reflection can be reduced to -20 45 
dB or less. 

Fourth embodiment: 

[0085] In each of the waveguide-transmission line so 
transitions of the first through third embodiments, a sin- 
gle strip line 3 is provided. However, a plurality of strip 
lines 3 may be provided on the waveguide short- 
circuiting surface as in the case of a waveguide-trans- 
mission line transition 140 shown in FIG. 7. 55 
[0086] FIG. 7 is a perspective view of the 
waveguide-transmission line transition 140 in which a 
plurality of (two) strip lines 3 are provided on the 



waveguide short-circuiting surface; FIGS. 8A, 8C, and 
8D are cross-sectional views of the transition 140; and 
FIG. 8B is a plan view of the transition 140. 
[0087] It is obvious that the structure employing a 
plurality of strip lines 3 can applied to the waveguide- 
transmission line transitions according to the second 
and third embodiments. 

[0088] The waveguide-transmission line transition 
140 of the present embodiment is considered to have a 
structure which is modified from the waveguide-trans- 
mission line transition 100 of the first embodiment, such 
that two slits are formed in the short-circuiting plate 1 
symmetrically in the left/right direction in FIG. 8B, and 
the strip line 3 is disposed in each of the slits. That is, 
the waveguide-transmission line transition 140 of the 
present embodiment has the same structure as that of 
the waveguide-transmission line transition 100 of the 
first embodiment, except with regard to the number of 
the slits formed in the short-circuiting plate 1 and the 
number of the strip lines 3. 

[0089] The waveguide-transmission line transition 
having a plurality of strip lines 3 on the waveguide short- 
circuiting surface can be used as a microwave splitter 
for dividing and converting a power signal transmitted 
from a single waveguide 2 into a plurality of power sig- 
nals to be transmitted through a plurality of strip lines 3. 
or as a microwave mixer for mixing and converting a plu- 
rality of power signals transmitted from a plurality of 
strip lines 3 into a power signal to be transmitted 
through a single waveguide 2. 

[0090] In the waveguide-transmission line transition 
140 of the present embodiment, the number of the slits 
formed in the short-circuiting plate 1 and the number of 
the strip lines 3 are both two, and one-to-one corre- 
spondence is established between the slits and the strip 
lines. However, three or more slits may be formed in the 
short-circuiting plate 1 or the short-circuiting metal layer 
11, and establishment of one-to-one correspondence 
between the slits and the strip lines 3 is not necessarily 
required. 

[0091] In the second and third embodiments, the 
grounding metal layer 5 has a shape substantially con- 
gruent with the shape of the opening surface of the 
waveguide 2 (the cross-sectional shape of the 
waveguide 2). However, the grounding metal layer 5 
may be formed to extend toward the inside of the 
waveguide 2. 

[0092] For example, the grounding metal layer 5 of 
the waveguide-transmission line transition 120 of the 
third embodiment may have any shape, insofar as the 
distance between the grounding metal layer 5 and the 
matching element 6 is not less than a predetermined 
value and the grounding metal layer 5 contains a region 
corresponding to the cross section of the opening sur- 
face of the waveguide 2. Fifth embodiment: 
[0093] FIG. 13 is a perspective view of a 
waveguide-transmission line transition 200 of a fifth 
embodiment; and FIGS. 14A and 14C are cross-sec- 
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tional views, and FIG. 1 4B is a plan view of the transition 
200. 

[0094] A short-circuiting metal layer 1 1 having a slit 
is formed on one surface of a dielectric substrate 4, and 
a strip line 3 is disposed within the slit. A grounding s 
metal layer 5 of a rectangular frame-like shape is 
formed on the other surface of the dielectric substrate 4. 
Since the width of each side of the grounding metal 
layer 5 is greater than the wall thickness of the 
waveguide 2, a portion of the grounding metal layer 5 10 
projects toward the inside of the waveguide. A matching 
element 6 of a substantially square shape is formed at 
the approximate center of the rectangular frame formed 
by the grounding metal layer 5. Since the matching ele- 
ment 6 is disposed in proximity with the strip line 3, elec- is 
tromagnetic coupling is established between the 
matching element 6 and the strip line 3. The conductors 
(the short-circuiting metal layer 1 1 , the strip line 3, the 
grounding metal layer 5, and the matching element 6) 
are formed by photo etching or any other suitable 20 
method. 

[0095] Radio waves input from a transmission line 
are electromagnetically transmitted from the strip line 3 
to the matching element 6 disposed in the vicinity of the 
strip line 3 and are then transmitted to the waveguide 2. 25 
The matching element resonates at a certain frequency, 
at which conversion loss is minimized. The resonant fre- 
quency changes depending not only on the size of the 
matching element, but also on the distance between the 
matching element and the conductor (the grounding 30 
metal layer or the inner wall of the waveguide) located 
on the same plane. 

[0096] FIG. 15 shows variation in the resonant fre- 
quency with the inner dimension (a wider wall-to-wall 
distance q) of the waveguide 2. When the inner dimen- 35 
sion of the grounding metal layer 5 is rendered the same 
as the inner dimension of the waveguide 2, the resonant 
frequency changes greatly with the inner dimension of 
the waveguide 2. By contrast, in the structure of the fifth 
embodiment, since the inner dimension of the ground- 40 
ing metal layer 5 is rendered smaller than the inner 
dimension of the waveguide 2, the resonant frequency 
hardly changes with variation of the inner dimension of 
the waveguide 2. 

[0097] Whereas the production accuracy of metal 45 
working is a few tens of microns to a few hundreds of 
microns, the production accuracy of photo etching is ten 
microns or less. In the above-described structure, since 
the resonant frequency is determined depending on 
only the matching element 6 and the grounding metal so 
layer 5, which are formed by photo etching, deteriora- 
tion in characteristics due to production errors can be 
reduced, as compared with the structure in which the 
resonant frequency changes depending on the wall-to- 
wall distance of the waveguide 2. ss 
[0098] Further, power loss greatly depends on the 
distance between two through-holes 8a and 8b sand- 
wiching the strip line 3. FIG. 16 shows the relationship 
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between power loss and the distance between the two 
through-holes 8a and 8b. FIG. 16 demonstrates that the 
power loss can be reduced to 0.2 dB or less when the 
distance between the through-holes 8a and 8b is made 
1 .6 times or less the width of the strip line 3. 
[0099] The power loss can be reduced further 
through provision of through-holes 17 along the circum- 
ferential edge of the short-circuiting metal layer. 

Sixth embodiment: 

[0100] FIG. 17 is a perspective view of a 
waveguide-transmission line transition 210 of a sixth 
embodiment; and FIGS. 18A and 18C are cross-sec- 
tional views and FIG. 1 8B is a plan view of the transition 
210. 

[01 01 ] A short-circuiting metal layer 1 1 having a slit 
is formed on one surface of a dielectric substrate 4 of 
the transition, and a strip line 3 is disposed within the 
slit. A grounding metal layer 5 of a rectangular frame- 
like shape is formed on the other surface of the dielec- 
tric substrate 4. The width of each side of the grounding 
metal layer 5 is substantially equal to the wall thickness 
of the waveguide 2. A metal layer of a substantially 
square shape is formed at a position offset along the y- 
direction from the center of the rectangular frame 
formed by the grounding metal layer 5 by about +2% the 
narrower wall-to-wall distance of the waveguide. 
[01 02] Since the matching element 6 is disposed in 
proximity with the strip line 3, electromagnetic coupling 
is established between the matching element 6 and the 
strip line 3. The conductors (the short-circuiting metal 
layer 1 1 , the strip line 3, the grounding metal layer 5, 
and the matching element 6) are formed by photo etch- 
ing or any other suitable method. 
[0103] FIG. 19 shows the relationship between con- 
version loss and the amount of positional shift between 
the waveguide and the dielectric substrate subjected to 
photo etching. The amount of positional shift is a rela- 
tive distance between the center of the waveguide and 
the center of the matching element. Although the loss 
does not increase with shift along the x-direction, the 
loss increases with shift along the y-direction. Specifi- 
cally, the loss increases when the shift amount reaches 
+9% in the positive y-direction and also increases when 
the shift amount reaches -5% in the negative y-direc- 
tion. That is, when the matching element 6 is designed 
to have a +2% positional offset along the y-direction, or 
to be located at the center of a range (-5% to +9%) in 
which variation in characteristics becomes small, trans- 
mission loss due to positional shift can be reduced to 
0.1 dB or less if the transition is produced with a posi- 
tional accuracy of the narrower wall-to-wall distance of 
the wave guide ±7%. 

Seventh embodiment: 

[0104] FIG. 20 is a perspective view of a 
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waveguide-transmission line transition 220 of a seventh 2. 
embodiment; FIGS. 21 A, 21 C, and 21 D are cross-sec- 
tional views and FIG. 21 B is a plan view of the transition 
220. 

[0105] The transition 220 of the present embodi- 5 
ment is identical with the transition 200 shown in FIGS. 
13, 14A, 14B, and 14C, except that the dielectric sub- 
strate is formed of two elements, first and second die- 
lectric substrates 4 and 7, and the grounding metal layer 3. 
is formed of first and second grounding metal layers 5 w 
and 15. 

[0106] In the structure of the present embodiment, 
the distance between the short-circuiting metal layer 1 1 
and the matching element 6 can be increased through 
provision of the of first and second dielectric substrates 15 
4 and 7 therebetween. Thus, a frequency band in which 
power transmission and conversion are performed can 4. 
be broadened. In addition, the distance between the 
second grounding metal layer 15 and the matching ele- 
ment 6 can be made constant regardless of the position 20 
of the second dielectric substrate 7 on the waveguide 2. 
[0107] Although in the above-described embodi- 
ments the matching element 6 has a rectangular shape, 
no particular limitation is imposed on the shape of the 
matching element 6, and a circular shape, an annular 25 
shape, or any other suitable shape may be employed. 
[0108] Although not specifically described in the 
above-described embodiments, a dielectric material or 
any other suitable material may be charged into the inte- 
rior of the waveguide. 30 

Claims 

5. 

1- A waveguide-transmission line transition which 
includes a strip line (3) projecting inward on an 35 
opening surface of a waveguide (2) to be parallel to 
the opening surface and which effects mutual con- 
version between power transmitted through said 
waveguide and power transmitted through said strip 
line characterized in that said waveguide-transmis- 40 
sion line transition comprising: 

a plate-shaped short-circuiting member (1,11) 
shielding the opening surface of said 
waveguide and having a slit in which said strip 45 
line (3) is disposed; 

a matching element (6) disposed within said 6. 
waveguide, said matching element (6) being 
substantially parallel to and separated by a pre- 
determined distance from said short-circuiting so 
member; and 

a dielectric member (4, 7) disposed between 
said short-circuiting member and said match- 
ing element characterized in that said strip line 
disposed in the slit and said matching element 55 7. 
are disposed in proximity to each other to be 
electromagnetically coupled with each other. 



A waveguide-transmission line transition according 
to claim 1 characterized in that said short-circuiting 
member is a short-circuiting plate (1) having a slit in 
which said strip line (3) is disposed; and said die- 
lectric member comprises at least a first dielectric 
substrate (4) which is inserted into the slit and 
which has said strip line on its outer surface. 

A waveguide-transmission line transition according 
to claim 2 characterized in that said dielectric mem- 
ber further comprises a second dielectric substrate 
(7) which is joined to reverse surfaces of said short- 
circuiting plate (1) and said first dielectric substrate 
(4) and on which said matching element (6) is 
formed. 

A waveguide-transmission line transition according 
to claim 1 characterized in that said dielectric mem- 
ber is formed of a first dielectric substrate (4) shield- 
ing the opening surface of said waveguide and a 
second dielectric substrate (7) which is joined to a 
reverse surface of said first dielectric substrate (4) 
and on which said matching element (6) is formed; 
and 

said short-circuiting member is formed of a 
short-circuiting metal layer (11) formed on an 
outer surface of the first dielectric substrate (4) 
and having a slit characterized in that said strip 
line is disposed in the slit of said short- 
circuiting metal layer. 

A waveguide-transmission line transition according 
to claim 1 characterized in that said dielectric mem- 
ber is formed of a dielectric substrate (4) which 
shields the opening surface of said waveguide and 
which has said matching element (6) on its reverse 
surface; and 

said short-circuiting member is formed of a 
short-circuiting metal layer (11) formed on an 
outer surface of said dielectric substrate (4) 
and having a slit characterized in that said strip 
line is disposed in the slit of said short- 
circuiting metal layer. 

A waveguide-transmission line transition according 
to daim 2 or 3 characterized in that said first dielec- 
tric substrate (4) has on its reverse surface, oppo- 
site the surface where said strip line is formed, a 
grounding metal layer (5) which comes into contact 
with an end face of a side wall at the opening sur- 
face of said waveguide. 

A waveguide-transmission line transition according 
to claim 4 characterized in that said first dielectric 
substrate (4) has on its reverse surface, opposite 
the surface on which said strip line is formed, a 
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grounding metal layer (5) which comes into contact 
with an end face of a side wall at the opening sur- 
face of said waveguide. 

8. A waveguide-transmission line transition according 
to claim 5 characterized in that said dielectric sub- 
strate (4) has on its reverse surface, opposite the 
surface on which said strip line is formed, a ground- 
ing metal layer (5) which comes into contact with an 
end face of a side wall at the opening surface of 
said waveguide. 

9. A waveguide-transmission line transition according 
to claim 7 or 8 characterized in that said short- 
circuiting metal layer (1 1) and said grounding metal 
layer (5) are electrically connected with each other 
by means of through- holes. 

10. A waveguide-transmission line transition according 
to claim 1 characterized in that said strip line (3) is 
disposed in each of a plurality of slits formed in said 
short-circuiting member. 

11. A waveguide-transmission line transition according 
to claim 7 characterized in that said grounding 
metal layer (5) is formed and disposed such that a 
region surrounded by an inner circumference of 
said grounding metal layer on the reverse surface of 
said first dielectric substrate (4) is completely 
included in a region surrounded by an inner wall of 
said waveguide. 

12. A waveguide-transmission line transition according 
to claim 8 characterized in that said grounding 
metal layer (5) is formed and disposed such that a 
region surrounded by an inner circumference of 
said grounding metal layer on the reverse surface of 
said dielectric substrate (4) is completely included 
in a region surrounded by an inner wall of said 
waveguide. 

13. A waveguide-transmission line transition according 
to any one of claims 1 , 7, and 8 characterized in 
that 

the center of said matching element (5) is offset 
from the center of said waveguide by a prede- 
termined distance a along the longitudinal 
direction of said strip line (3) toward the direc- 
tion of projection of said strip line. 

14. A waveguide-transmission line transition according 
to claim 1 3 characterized in that the predetermined 
distance A falls within a rage of about 1 to 4% the 
narrower wall-to-wall distance P of said waveguide. . 

15. A waveguide-transmission line transition according 
to claim 9 characterized in that at least two through- 



holes (8) are disposed on opposite sides of an 
entrance of the slit; and 

the distance between the through-holes is less 
5 than double the width of said strip line. 

16. A waveguide-transmission line transition according 
to claim 1 characterized in that impedance adjust- 
ment is performed through adjustment of a length 

10 over which said strip line overlaps with said match- 
ing element. 

17. A waveguide-transmission line transition according 
to claim 1 characterized in that resonant frequency 

15 adjustment is performed through adjustment of the 
length of said matching element along a direction 
parallel to said strip line. 

18. A waveguide-transmission line transition according 
20 to claim 1 characterized in that the distance 

between said strip line and said matching element 
falls within a range of 0.01 to 0.20 Xg, where Ag is a 
wavelength within the dielectric member existing 
between said strip line and said matching element. 

25 

19. A waveguide-transmission line transition according 
to claim 1 characterized in that the distance 
between said strip line and said short-circuiting 
member falls within a range of 0.03 to 0.06 Ag. 

30 where Ag is a wavelength within a medium existing 
between said strip line and said short-circuiting 
member. 

20. A waveguide-transmission line transition according 
35 to claim 1 characterized in that said dielectric mem- 
ber on which said strip line is provided is formed 
integrally with a circuit substrate on which a micro- 
wave or millimeter-wave circuit is formed. 

40 21. A waveguide-transmission line transition according 
to claim 3 or 4 characterized in that said first dielec- 
tric substrate and said second dielectric substrate 
are formed integrally. 

22. A waveguide-transmission line transition according 
to claim 7 characterized in that a second grounding 
metal layer is formed at a peripheral portion of said 
second dielectric substrate such that said second 
grounding metal layer is in contact with the side wall 
of said waveguide. 
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FIG. 2 0 
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